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ABSTRACT
The Late Ordovician Mamuniyat Formation is the main hydrocarbon reservoir in the RField in Murzuq Basin, SW Libya. The Lower Mamuniyat, which is the only unit that was
encountered in the study area, is composed of sandstone facies called Clean Mamuniyat and
shaly sandstone facies called Dirty Mamuniyat. One major problem with the development of the
R-Field is the difficulty of distinguishing the two units so this project was aimed to develop
better methods for distinguishing between the two units of the Lower Mamuniyat. The other
problem is to distinguish the transgressive shaly facies of the Bir Tlacsin, which has an impact
on the hydrocarbon accumulation. Those issues manifested in limit of seismic resolution and
interference that resulted from the converted shear mode waves. The dissertation was divided
into three chapters. In the first chapter, a seismic modeling using deterministic and Ricker
wavelets was used to investigate the interference effects on the poststack seismic data and a
bandpass filter was used to remove those effects. Instantaneous frequency, spectral-based
colored inversion and rock physics were, then applied to determine the distributions of the
sandstone facies of the Lower Mamuniyat Formation and to interpret the depositional setting of
it. In the second chapter, spectral decomposition and inverted density were utilized to determine
the distribution of the shaly facies of Bir Tlacsin, and its temporal thickness and to remap the top
reservoir. In the last chapter, amplitude variation with offset (AVO) modeling, ray tracing, and
spectral analysis were used to investigate the mode conversion and its effect on AVO signature,
the amplitude of the near-mid and far offsets and frequency contents. Data enhancement then
was performed using partial stacks and a bandpass filter.

vi

TABLE OF CONTENTS
ACKNOWLEDGEMENTS ......................................................................................................................................v
TABLE OF CONTENTS....................................................................................................................................... vii
LIST OF TABLES ................................................................................................................................................ viii
LIST OF FIGURES .................................................................................................................................................ix
CHAPTER 1: USING INSTANTANEOUS FREQUENCY AND COLORED INVERSION ATTRIBUTES
TO DISTINGUISH AND DETERMINE THE SANDSTONES FACIES OF THE LATE ORDOVICIAN
MAMUNIYAT RESERVOIR, R- FIELD IN MURZUQ BASIN – LIBYA ...........................................................1
1.1 ABSTRACT ....................................................................................................................................................1
1.2 INTRODUCTION ...........................................................................................................................................2
1.3 GEOLOGICAL BACKGROUND ..................................................................................................................3
1.4 METHODS AND RESULTS ..........................................................................................................................6
1.4.1
SIDELOBE EFFECT AND DATA OPTIMIZATION ..........................................................................6
1.4.2
INSTANTANEOUS FREQUENCY OF THE OPTIMIZED DATA .................................................. 10
1.4.3
RELATIVE ACOUSTIC IMPEDANCE INVERSION ...................................................................... 13
1.5 DISCUSSION ............................................................................................................................................... 17
1.6 CONCLUSION ............................................................................................................................................. 23
CHAPTER 2: APPLICATION OF AMPLITUDE SPECTRUM AND GENETIC INVERSION TO
DETERMINE BIR TLACSIN FACIES DISTRIBUTION, CASE STUDY, MURZUQ BASIN -LIBYA ......... 24
2.1 ABSTRACT .................................................................................................................................................. 24
2.2 INTRODUCTION ......................................................................................................................................... 25
2.3 GEOLOGICAL BACKGROUND ................................................................................................................ 26
2.4 METHODS AND RESULTS ........................................................................................................................ 27
2.4.1
LOCAL SPECTRAL DECOMPOSITION .......................................................................................... 27
2.4.1.1
CONTINUOUS WAVELET TRANSFORM ............................................................................ 28
2.4.1.2
INDICATION OF THIN-BED EFFECTS FROM JOINT TIME-FREQUENCY ANALYSIS 30
2.4.1.3
AMPLITUDE SPECTRUM ANALYSIS .................................................................................. 31
2.4.2
SEISMIC INVERSION ....................................................................................................................... 36
2.4.2.1
GENETIC INVERSION ............................................................................................................ 38
2.5 DISCUSSION ............................................................................................................................................... 40
2.6 CONCLUSION ............................................................................................................................................. 44
CHAPTER 3: INVESTIGATE THE EFFECTS OF MODE CONVERSIONS AND ENHABCE SEISMIC
INTERPRETABILITY: CASE STUDY, MURZUQ BASIN, LIBYA .................................................................. 45
3.1 ABSTRACT .................................................................................................................................................. 45
3.2 INTRODUCTION ......................................................................................................................................... 46
3.3 BACKGROUND ........................................................................................................................................... 47
3.4 PRESTACK DATA ANALYSIS AND MODELING .................................................................................. 47
3.4.1
TRAVELTIMES OF THE REFLECTED PP AND PS WAVES ........................................................ 50
3.4.2
SYNTHETIC AVO AND PP AND PS REFLECTIVITY MODELS ................................................. 54
3.5 ENHANCE SEISMIC INTERPRETABILITY ............................................................................................. 56
3.6 CONCLUSIONS ........................................................................................................................................... 60
REFERENCES ....................................................................................................................................................... 61
VITA ....................................................................................................................................................................... 69

vii

LIST OF TABLES
Table 1: Errors of mapping the top Mamuniyat using auto-pick, spectral decomposition, and
density inversion computed at the wells in milliseconds. ............................................................. 42

viii

LIST OF FIGURES
Figure 1.2.1: Location map shows the Landsat image of the Murzuq Basin in the southwestern
Libya with outline of seismic data and wells locations in the study area. The image is operated by
NASA and is distributed by USGS and taken from ESA (University of Texas at El Paso, 2005). 3
Figure 1.3.1: A general stratigraphic column section of pre- and postglacial deposits is in the
southwestern Murzuq Basin, Libya (McDougall et al., 2005). ....................................................... 5
Figure 1.4.1: (a) Deterministic wavelet extracted and (b) a Ricker wavelet have been used to
generate synthetic seismograms in Figure 4a and 4b, respectively. As is shown in (a), the
deterministic wavelet exhibits side lobes. ....................................................................................... 8
Figure 1.4.2: It shows a vertical seismic slice (a) before and (b) after applying band-pass filter.
The seismic data exhibit poor vertical resolution because they fail to separate Bir Tlacsin
Formation (black dot) at the top of the reservoir. The pseudoreflector of the side-lobe effect as
shown by yellow arrow in (a) was eliminated in (b), causing appearance of the high contrast
within the sandstone reservoir facies. In addition, the continuity of stratigraphic surfaces is
slightly improved in the deeper section (green arrows). One-dimensional forward models at wells
W03 and W04 support the presence of side-lobe artifacts on the original seismic data. TZ =
Tanezzuft, HS = hot shale, CM = clean Mamuniyat, DM = dirty Mamuniyat, BT = Bir Tlacsin,
and MS = Melaz Shuqran. .............................................................................................................. 9
Figure 1.4.3:a) A vertical slice of instantaneous frequency shows frequency anomalies associated
with lithofacies change (black arrows) and faults (red arrows). The GR log placed on the wells
for comparing the change of lithology from clean sandstones facies (the clean Mamuniyat
reservoir) to shaly facies (the dirty Mamuniyat). Horizon along the reservoir level that is used to
extract instantaneous frequency in (b) (shown as a dotted black line in [a]). TZ = Tanezzuft, HS
= hot shale, CM = clean Mamuniyat, DM = dirty Mamuniyat, BT = Bir Tlacsin, and MS = Melaz
Shuqran. ........................................................................................................................................ 12
Figure 1.4.4: Spectral-based colored inversion work flow. .......................................................... 14
Figure 1.4.5: Seismic amplitude sections of three frequency bands (left) matching inversion
operators for each band (middle) and matching impedance spectra of the five wells with seismic
amplitude spectra (right). .............................................................................................................. 14
Figure 1.4.6: A comparison of the inversion results of the filtered acoustic impedance to similar
seismic frequency (red curve) and inverted relative acoustic impedance (blue curve) shows
generally a good match for the most part of the stratigraphic units and poor match for Hawaz
Formation (locally preserved in the area as it is shown in Figure 1.4.7) at wellW05 and Melaz
Shuqran at well W02. .................................................................................................................... 15
Figure 1.4.7: (a) Inverted impedance (relative acoustic impedance) from conventional colored
inversion and using (b) spectral-based colored inversion are generally similar at the reservoir
level, but the spectral colored inversion exhibits slightly better continuity (white arrows) and less
ix

effects of the side lobes at the reservoir level (black arrows). TZ = Tanezzuft, HS = hot shale,
CM = clean Mamuniyat, DM = dirty Mamuniyat, BT = Bir Tlacsin, and MS = Melaz Shuqran. 16
Figure 1.5.1: A horizon slice of instantaneous frequency was interpreted as two distinctive
facies: sandstone facies (high frequency) and shaly sandstone facies (low frequency). The
sandstone facies has the northeast–southwest trend showing the geometry of a distributary
channel. The abrupt change of the facies southeast of W04 is due to displacement by the fault
(solid line). .................................................................................................................................... 18
Figure 1.5.2: Crossplots of the acoustic impedance versus porosity colored with volume of shale
from wells W02, W03, and W04. The figure shows the clean Mamuniyat (square solid symbol)
is clustered along diagenetic trend controlled by compaction and cementation, whereas the dirty
Mamuniyat (circle solid symbol) is clustered along the sorting trend controlled by sedimentation
and compaction. ............................................................................................................................ 19
Figure 1.5.3: Crossplots of the velocity versus porosity colored with volume of shale from wells
W02, W03, and W04. In friable-sand/constant-cement/contact-cement model, the same
observation in Figure 1.5.2 can be seen in (a). In Han’s (1986) model, the data (100% water
saturation) fit shaly sandstone of the dirty Mamuniyat, but they are not accountable adequately
for the clean Mamuniyat. .............................................................................................................. 20
Figure 1.5.4: The lowest acoustic impedance was extracted from seismic probe along the horizon
slice (Figure 1.4.7) in the upper reservoir interval. The extracted relative acoustic impedance
overlaid TWT map is to show the distribution of the clean Mamuniyat facies with possible high
porous sandstone layer shown as negative values (red color). ..................................................... 21
Figure 2.3.1: A general stratigraphic column section(left) and a schematic cross section of the
Late Ordovician stratigraphic units in Murzuq Basin in Libya showing the transgressive siltyshaly facies of the Bir Tlacsin underlying the Silurian Shales and overlying the Mamuniyat
Formation or older units (modified after McDougall et al., 2005 and 2008). .............................. 27
Figure 2.4.1: shows time frequency panels of the seismic trace along wells W03 and W04
respectively. In figure 3a, the reflections at the top reservoir of Clean Mamuniyat are
characterized by sidelobe reflections (on the left) and the dominant amplitude spectrum ranges
from 25 to 80Hz (on the right). In figure 3b, the presence of Bir Tlacsin might alter the reflection
responses at and below the top reservoir due to tuning effects. As it can be seen, the spectral
notches distort the amplitude spectra. HS = Hot Shale, CM =Clean Mamuniyat, DM= Dirty
Mamuniyat, BT = Bir Tlacsin, MS=Melaz Shuqran. ................................................................... 29
Figure 2.4.2: Seismic profile of 24Hz amplitude spectra (a) exhibits frequency tuning along both
hot shale and Bir Tlacsin units where Bir Tlacsin pinch out and Hot Shale thins towards well
W03 at the top of the structure (the thickness of the shales is directly proportional to the
amplitude spectra). In figure (b), the high amplitude of 64 Hz appears below the shalyfacies of
the Bir Tlacsin Formation. The shifting of peak frequency to high frequency is due to the spectral
notches. TZ= Tanezzuft, HS = Hot Shale, CM =Clean Mamuniyat, DM= Dirty Mamuniyat, BT
= Bir Tlacsin, MS=Melaz Shuqran ............................................................................................... 32

x

Figure 2.4.3: A cross plot of the quantity of the amplitude spectrum of 24 Hz vs. temporal
thickness of the Bir Tlacsin and Hot Shale at the wells with correlation coefficient = 0.98. ....... 34
Figure 2.4.4: Amplitude spectra extracted along the auto-pick horizon at the base of Silurian
Shales from decomposed spectrum of 24 Hz (a) and 64 Hz (b). In figure 6a, the change of the
magnitude spectral represents the changes of thicknesses of both shaly facies of Hot Shale and
Bir Tlacsin. In figure 6b, the distortion of amplitude spectrum from the notches seems to be
consistent with presence of the Bir Tlacsin facies, which suggest that the low amplitude spectrum
(red color) represents the distribution of Bir Tlacsin. ................................................................... 35
Figure 2.4.5 A temporal thickness of the Bir Tlacsin and Hot Shale estimated from the 24 Hz
amplitude spectrum. ...................................................................................................................... 36
Figure 2.4.6: The shaly facies of the Bir Tlacsin in wells W04 and W05 shows distinctive higher
density with respect to the underlying and overlaying facies. In comparsion to the density, the P
and S-wave velocities are not well distinctive from the underlying facies as they gradually
increase with depth. Hot Shale =HS, Bir Tlacsin=BT, Clean Mamuniyat =CM, Dirty Mamuniyat
=DM, Melz Shuqran =MZ, and Hawaz = HZ............................................................................... 37
Figure 2.4.7: Inverted density along the seismic line matches the density from the well within the
interval of the shaly facies of Bir Tlacsin. The solid line was extracted from the base of the
inverted density within 10 ms interval from the auto-pick horizon (dotted line). TZ= Tanezzuft,
HS = Hot Shale, CM =Clean Mamuniyat, DM= Dirty Mamuniyat, BT = Bir Tlacsin, MS=Melaz
Shuqran ......................................................................................................................................... 39
Figure 2.4.8: isochrones map of the shalyfacies of the Bir Tlacisn derived from the inverted
demsity shows the distribution and the temporal thickness of the Bir Tlacin in the area. ........... 40
Figure 2.5.1: Three mapped horizons of the top Mamuniyat reservoir using different attributes;
seismic amplitude (dotted black line), amplitude spectrum of 24 Hz (dashed green line), and
inverted density (solid black line). TZ= Tanezzuft, HS = Hot Shale, CM =Clean Mamuniyat,
DM= Dirty Mamuniyat, BT = Bir Tlacsin, MS=Melaz Shuqran ................................................. 43
Figure 3.4.1 Reflection hyperbola in a CMP gather overlapped each other exhibiting constructive
and destructive interference. ......................................................................................................... 48
Figure 3.4.2 The raypath of P-P, P-SV and SV-P waves reflected at CDP and CCP. The P-P and
SV-P wave modes can be recorded in conventional surveying using a vertical component
receiver, while P-SV can be recorded by a horizontal component receiver. ................................ 49
Figure 3.4.3 Blocked P and S velocities show the layering that used to model PP- and PS
reflections in figure 3.4.4. ............................................................................................................. 52
Figure 3.4.4 Traveltimes calculated for PP (blue) and PS (red) modes using equation 1 (left) and
ray tracing model (right) posted on stacked traces and CMP gather at well W02 respectively. .. 53
Figure 3.4.5: Synthetic AVO and reflectivity models for PP and PS wave modes. As shown
above, there are two major differences between the synthetic and real data; the reflection events
xi

and variation of the amplitude with offsets. The reflections are different at the near offsets and
the AVO signature appears to include mixed amplitude variation from PP and PS seismic modes.
....................................................................................................................................................... 55
Figure 3.5.1: CMP gather and stacked data at well W02 and their amplitude spectra. The far
offset traces shows lower frequency contents, but higher amplitude spectrum in comparsion with
near, mid and stacked data. ........................................................................................................... 57
Figure 3.5.2: the partial stacked data shows improvement of illumining the sandstone facies of
the Mamuniyat reservoir as we move away from near offset (a), mid-offset (b) data to the far
offset (c). The Clean Mamuniyat reservoir (CM), is characterized by porous sandstone facies as
shown from the density and the gamma ray logs. TZ = Tanezzuft, HS = hot shale, DM = dirty
Mamuniyat, BT = Bir Tlacsin, and MS = Melaz Shuqran. ........................................................... 59
Figure 3.5.3: Filtered stack data (a) illuminates the sandstone facies of Mamuniyat reservoir
more than the CMP stacked data (b) does. TZ = Tanezzuft, HS = hot shale, CM = clean
Mamuniyat, DM = dirty Mamuniyat, BT = Bir Tlacsin, and MS = Melaz Shuqran. ................... 59

xii

CHAPTER 1: USING INSTANTANEOUS FREQUENCY AND COLORED
INVERSION ATTRIBUTES TO DISTINGUISH AND DETERMINE THE
SANDSTONES FACIES OF THE LATE ORDOVICIAN MAMUNIYAT
RESERVOIR, R- FIELD IN MURZUQ BASIN – LIBYA
1.1

ABSTRACT
The Mamuniyat petroleum reservoir in southwestern Libya is comprised of sand and

intercalated shale and sand facies that are characterized by spatial porosity variation. Seismic
reflection data from the field exhibits relatively low vertical seismic resolution, side-lobes of
reflection wavelets, reflection interference and low acoustic impedance contrast between the
reservoir and the units underneath the reservoir which makes mapping those facies a difficult
task. In the absence of broadband seismic data, optimizing frequency bands of bandlimited data
can be utilized to suppress pseudo-reflectors resulting from side-lobe effects and help to separate
the sandstone facies of the reservoir. We optimized the data based on our investigation of seismic
frequency bands and used instantaneous frequency analysis to reveal the reflection discontinuity
that is mainly associated with the reservoir boundary of the sandstone facies of the Clean
Mamuniyat reservoir. We also performed rock physics diagnostic modeling and inverted the
seismic data using spectral based colored inversion into relative acoustic impedance. The
inverted impedance matches the up-scaled impedance from the well data and the inversion of
relative acoustic impedance has drawn similar conclusion from the instantaneous frequency
results. The interpretation of facies distributions based on the instantaneous frequency was
supported by the inversion result and the rock physics model.



Abushalah Y. and Serpa L. 2016. Using instantaneous frequency and colored inversion attributes to distinguish
and determine the sandstones facies of the Late Ordovician Mamuniyat reservoir, R-field in Murzuq Basin–Libya.
Interpretation. T507-T519, http://dx. doi.org/10.1190/INT-2015-0167.1.
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1.2 INTRODUCTION
The R-Field oil field is located in Murzuq Basin, Southwest Libya (Figure 1.2.1), where
Late Ordovician glacial-related deposits include the Mamuniyat Formation, which is the main
reservoir unit (Figure 2) in the R-field. The Upper, Middle and Lower Mamuniyat (McDougal
and Martin, 2000; Gruber et al., 2011; Castro et al., 2012) are separated by unconformities which
are responsible for large variations of the unit thicknesses (Le Heron, 2010). In the study area,
erosion of the middle unit and the absence of the Upper and Middle units in the wells obscure the
boundaries of those units (Castro et al., 2012). The Lower Mamuniyat unit which is comprised of
clean sandstone facies called Clean Mamuniyat and a shale-sand facies called Dirty Mamuniyat
were encountered in all of the wells. The lower Mamuniyat is not interpretable on the available
seismic reflection data due to 1) side-lobes of the reflection wavelet and the interference that
occurs in particular at the top of the reservoir, and 2) low contrast of acoustic impedance
between the reservoir and the units underneath the reservoir which makes it difficult to map and
construct a reliable model for those reflections.

The frequency content of the seismic data plays an important role in imaging the
subsurface geology because thin and subtle features are better imaged with high frequency
content, whereas deep features and lithological variations are better imaged with low frequency
content. Frequency bands have been utilized to reduce the effects of side-lobe interference in
thin gas sand bodies imbedded in shales (Junbin et al., 2007), and to map stratigraphic sequences
and facies variations (Zeng, 2013). We investigated different frequency bands of seismic data to
determine which bands allow the reservoir sandstones to be distinguished. Then we designed a
band-pass filter using a Ricker wavelet with a center frequency of 20 Hz to reduce the side-lobes
effects from the data. Instantaneous frequency of the optimized data and spectral based colored
2

inversion were very effective tools to distinguish and determine the distribution of clean
sandstones facies.

Figure 1.2.1: Location map shows the Landsat image of the Murzuq Basin in the southwestern Libya with outline of
seismic data and wells locations in the study area. The image is operated by NASA and is distributed by USGS and taken
from ESA (University of Texas at El Paso, 2005).

1.3 GEOLOGICAL BACKGROUND
The Murzuq basin in southwestern Libya (Figure 1.2.1) is characterized by siliciclastic
stratigraphic sequences ranging in age from Cambrian to Quaternary (Figure 1.3.1). Fluvial
deposits of sandstones characterize the oldest stratigraphic unit, the Cambrian Hassouana
Formation which sits unconformably on Precambrian basement. The Lower and Middle
Ordovician deposits of Hawaz Formation and Ash Shbiayt Formation (Ramos et al., 2006) were
deposited in shallow marine environments varying from foreshore to shoreface facies. An
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unconformity separates the shallow marine deposits from Late Ordovician glacial deposits that
make up the mud-prone facies of Melaz Shuqran, and the sand-prone facies of Mamuniyat. The
Mamuniyat is subdivided into three units based on grain size, variations of lithology from shale
to sand, and well log responses (Fello, 2001). The Mamuniyat and Melaz Shuqran Formations
were deposited to fill the paleo-valleys during Later-Ordovician glacial events. The top of the
Mamuniyat was eroded and overlaid by Bir Tlacsin in some area and by thick shale of Tanezzuft
Formation elsewhere, which formed the hydrocarbon seal and source rock at the base of the
Tanezzuft (hot shale) during the Silurian transgression.

Interpretations of the depositional environment of the lower Mamuniyat unit (sand-prone
facies) were either a shallow marine setting that was characterized by submarine fans and
channels (Le Heron et al., 2004 and 2006; Cubitt, et al., 2011) or a deltaic environment setting
that was characterized by eustrine and tidal-influenced deltas (McDougall and Martin, 2000).
The Middle Mamuniyat dominated by mudstone with some massive interbedded sandstones and
heterolithics was deposited in deltaic, shoreface, submarine fan and submarine channel
depositional environments (Cubitt et al., 2011) and as submarine depositional environment
(McDoughall et al., 2005). The overlying Upper Mamuniyat unit was deposited as glacially
derived braided deltas.

The Lower Mamuniyat unit is the only unit of the Mamuniyat Formation that has been
encountered in the area of study with two facies, the Clean and the Dirty Mamuniyat, recognized
from the well data. The Clean Mamuniyat is the main petroleum reservoir in the sequence
because it has excellent porosity (average of 16% and standard deviation of 3%) compared to the
Dirty Mamuniyat (average of 6% and standard deviation of 5%) which has numerous shale

4

layers that reduce the porosity locally. The percentage of shale contents varies vertically and
laterally in the Mamuniyat Formation with average of 9% and standard deviation of 8% for the
Clean Mamuniyat and with average of 29% and standard deviation of 20% for the Dirty
Mamuniyat. One major problem with the development of the R-Field is the difficulty
distinguishing the two units so this project was aimed to develop better methods for
distinguishing between the two units of the Lower Mamuniyat.

Figure 1.3.1: A general stratigraphic column section of pre- and postglacial deposits is in the southwestern Murzuq Basin,
Libya (McDougall et al., 2005).
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1.4 METHODS AND RESULTS
1.4.1 SIDELOBE EFFECT AND DATA OPTIMIZATION
A preliminary investigation of the seismic data from the R-Field showed that the seismic
data has relatively poor vertical resolution, particularly at the top of the reservoir (Figure 1.4.2 a)
where it fails to separate the Bir Tlacsin Formation. The polarity of seismic data displays a
positive peak where there is an increase in acoustic impedance and the data is characterized by a
36 Hz dominant frequency and a frequency content range of 14 to 58 Hz. The average velocity of
the reservoir is 4000 m/s so the tuning thickness (𝜆⁄4) is about 28 m. The thickness of the Clean
Mamuniyat reservoir generally is above the vertical resolution ranging from 0 to 116 m thick in
wells W04 and W01 respectively, while Dirty Mamuniyat thicknesses range from 0 to 78 m thick
in W05 and W04 respectively.

We also observed side-lobes of reflection wavelets (Figure 1.4.1 a) that may produce
pseudo-reflectors just below the top of the reservoir as indicated by yellow arrows in Figure 4a,
but there is no clear effect of the side-lobes on the top reservoir. The main problem of defining
the top reservoir is the presence of the Bir Tlacsin Formation at the top of the Mamuniyat. This is
because 1) hot shale/Bir Tlacsin interface has similar reflectivity to hot shale/Mamuniyat
interface and 2) Bir Tlacsin thickness is approximate and below seismic resolution. The pseudoreflectors mask the changes of the seismic reflectivity and make mapping the stratigraphic
surfaces very difficult in areas where the reservoir thickness decreases. The strong effect of the
pseudo-reflector on the data can be attributed to the differences in the seismic energy reflected
from the top reservoir and within and at the base of the reservoir. One method used to reduce the
effects of the side-lobes in band-limited data is to recover the low frequency content based on
complex trace envelope (Karsli and Dondurur, 2013), but that method also might have adverse
6

effects on the data such as phase distortion. We instead investigated different frequency bands in
which a band-pass filter could effectively suppress the side-lobes around the sandstone facies
and highlight the largest thickness of the reservoir.

In an attempt to validate the presence of side-lobes, 1D forward models were constructed
using a deterministic wavelet (Figure 1.4.1a) and a Ricker wavelet (Figure 1.4.1b) with
frequency range similar to the extracted wavelet but without side-lobes. The correlation of
synthetic models at W03 and W04 with seismic data between the hot shale and the base of the
well interval (Figures 1.4.1a and b) is 0.92 and 0.82 respectively. The deterministic wavelet was
extracted along the well W03 using seismic time segment 500 ms, in which the goodness of fit
and the accuracy of the extraction were expressed by 59.1% of the proportion of trace energy
predict (PEP), 0.07 of the normalized mean square error (NMSE), with 10.99 degrees phase error
and 0.57 cross-correlations. The side-lobes appear clearly on the deterministic wavelets (Figure
1.4.1a) in which the main lobe is associated with significant lobe energy. Also, comparing both
synthetic models at W03 and W04 with seismic data (Figures 1.4.2a and b) confirms the
existence of the pseudo-reflectors; however, the synthetic model at well W04 did not match the
reflection magnitude between the Dirty Mamuniyat and the Melaz Shuqran interval. This could
be related to many factors, for instance AVO and tuning effects, which will be investigated
further in a future work as it shows no influence on the interpretation and the mapping of the
reservoir discussed in this paper. Because the main effect of interferences takes place just below
the top of the reservoir, the synthetic seismogram using a Richer wavelet (Figure 1.4.2b) shows
better match with filtered data in the upper section, which is not the case in the deeper section
where the discrepancy results from different frequency contents of the seismic data and the
synthetic model.
7

Figure 1.4.1: An extracted deterministic wavelet (a) and a Ricker wavelet (b) have been used to generate synthetic
seismograms in figures 4a and 4b, respectively. As shown in (a), the deterministic wavelet exhibits side lobes.

Although high frequency content in the seismic data is lost after being optimized in order
to remove the effects of side-lobes, the optimized data show distinctive reflection patterns
between sandstones of the Clean Mamuniyat and shaly-sandstones layers around it (Figure
1.4.2b) which is consistent with the well data and can be detected by instantaneous frequency as
discussed below. In addition, the optimized seismic data provides slightly better imaging of the
lithological variations particularly in the deeper section.
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Figure 1.4.2: shows a vertical seismic slice (a) before and (b) after applying band-pass filter. The seismic data exhibit poor
vertical resolution because they fail to separate the Bir Tlacsin Formation (black dot) at the top of the reservoir. The
pseudo-reflector of the side-lobe effect as shown by yellow arrow in (a) was eliminated in (b), causing appearance of the
high contrast within the sandstone reservoir facies. In addition, the continuity of stratigraphic surfaces is slightly
improved in the deeper section (green arrows). One-dimensional forward models at wells W03 and W04 support the
presence of side-lobe artifacts on the original seismic data. TZ = Tanezzuft, HS = hot shale, CM = clean Mamuniyat, DM
= dirty Mamuniyat, BT = Bir Tlacsin, and MS = Melaz Shuqran.
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1.4.2 INSTANTANEOUS FREQUENCY OF THE OPTIMIZED DATA
Many applications of instantaneous frequency have proven to provide an effective
qualitative seismic attribute that determines stratigraphic terminations (Hardage, 1998) and
thickness and lithological variations (Taner, 1979; Robertson and Nogami, 1984; Zeng, 2010).
Instantaneous frequency is a mathematically driven-seismic attribute from analytical trace
analysis that was first introduced by Taner et al. (1979). Consider a seismic trace,𝑅(𝑡) the
analytical trace,𝑍(𝑡) can be constructed by summing 𝑅(𝑡) and Hilbert transform of the seismic
trace as in the following:
𝑍(𝑡) = 𝑅(𝑡) + 𝑖𝐻(𝑡) = 𝐴 (𝑡)𝑒 −𝑖𝜃(𝑡)

(1.1)

Where 𝐴(𝑡) is instantaneous amplitude (or reflection strength) and 𝜃(𝑡) is instantaneous phase.

Instantaneous frequency is defined as the rate of time change (or first vertical derivative) of
instantaneous phase divided by 2𝜋

𝑓(𝑡) =

1 𝑑𝜃
2𝜋 𝑑𝑡

(1.2)

The anomalies of the instantaneous frequency result from the distortion of the waveform,
caused by wavelet interference (Taner, 1979; Robertson and Fisher, 1988) and it could exceed
the frequency range of the seismic data (Zeng, H., 2010).

The clean sandstone of the main reservoir is better imaged as a result of eliminating sidelobe effects by using only the low frequency band of the seismic data. Instead of transforming
for that attribute in the seismic data directly, we selected the low frequency band of the seismic
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data that reflects the main reservoir facies and then we computed the instantaneous frequency
based on that. Interestingly, the instantaneous frequency separates lateral changes of lithofacies
from the low acoustic impedance of the clean sandstone intervals to the higher impedance of the
shaly sandstones consistence with the observations and the seismic interpretation as shown in
figure 1.4.3. The changes in the instantaneous frequency appear to be related to the changes in
lithofacies and thickness due to continuity of the frequency anomalies. The effect of the faults is
minor on the upper reservoir level (Figure 1.4.3) and larger influences are observed on the lower
part of the reservoir as indicated by the red arrows in figure 1.4.3a.
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Figure 1.4.3: a) A vertical slice of instantaneous frequency shows frequency anomalies associated with lithofacies change
(black arrows) and faults (red arrows). The gamma ray (GR) log placed on the wells for comparing the change of
lithology from clean sandstones facies (the Clean Mamuniyat reservoir) to shaly facies (the Dirty Mamuniyat). Horizon
along the reservoir level that is used to extract instantaneous frequency in (b) (shown as a dotted black line in [a]). TZ =
Tanezzuft, HS = hot shale, CM = Clean Mamuniyat, DM = Dirty Mamuniyat, BT = Bir Tlacsin, and MS = Melaz
Shuqran.
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1.4.3 RELATIVE ACOUSTIC IMPEDANCE INVERSION
Acoustic impedance is one of the most quantitative seismic attributes used for reservoir
characterization (Cook et al., 1999) due to its direct connection to seismic and rock properties.
There are two outputs of impedance inversion; absolute and relative acoustic impedances. The
relative acoustic impedance does not directly compare to acoustic impedance from the well data
as the absolute impedance does, but it does not contain the non-unique problem of the inversion
methods. This is because the absolute impedance inversion includes the frequencies above the
seismic data bandwidth. The relative impedance in principle indicates the change in acoustic
impedance which corresponds to the change in the lithology and it also is used successfully to
predict thin-bed (Chopra et al., 2009) and porosity (Kumar et al., 2014) properties in seismic
data.

Following the workflow of spectral based colored inversion (Figure 1.4.4) described by
Kurniawan et al. (2013), we generated the relative AI for our data. Three operators were
designed by matching the spectrum of acoustic impedance of the five wells and three seismic
bands; band 1 (8-30 Hz), band 2 (30-50 Hz), and band 3 (50-100 Hz) (Figure 1.4.5). Then each
seismic band was convolved with each operator and the inversion results were merged. During
the inversion process, we did not apply a denoising process to avoid introducing artifacts to the
data and because the data has a relatively good signal to noise ratio. The comparison of relative
acoustic impedance from the wells and the inversion in the well locations shows a good match
except for the Hawaz Formation at well W05 and the Melaz Shuqran in well W04 (Figure 1.4.6).
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Figure 1.4.4: Spectral-based colored inversion work flow.

Figure 1.4.5: Seismic amplitude sections of three frequency bands (left), matching inversion operators for each band
(middle) and matching impedance spectra of the five wells with seismic amplitude spectra (right).
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Figure 1.4.6: A comparison of the inversion results of the filtered acoustic impedance to similar seismic frequency (red
curve) and inverted relative acoustic impedance (blue curve) shows generally a good match for the most part of the
stratigraphic units and poor match for Hawaz Formation (locally preserved in the area as shown in figure 1.4.7) at well
W05 and Melaz Shuqran at well W02.

The frequency bands were selected based on our observations of the changes in the
amplitude patterns with each frequency where we expect the low frequency band will make a
better contribution to the inversion results. The inverted impedance result from spectral based
colored inversion (Figure 1.4.7b) appears to be slightly better than the conventional colored
inversion (Figure 1.4.7a) because it emphasizes the large variation of lithofacies.
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Figure 1.4.7: (a) Inverted impedance (relative acoustic impedance) from conventional colored inversion and using (b)
spectral-based colored inversion are generally similar at the reservoir level, but the spectral colored inversion exhibits
slightly better continuity (white arrows) and less effects of the side lobes at the reservoir level (black arrows). TZ =
Tanezzuft, HS = hot shale, CM = Clean Mamuniyat, DM = Dirty Mamuniyat, BT = Bir Tlacsin, and MS = Melaz
Shuqran.
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1.5 DISCUSSION
The purpose of our research was to improve the seismic identification of reservoir quality
reflectors from the lower Mamuniyat formation of the Murzuq Basin in southwestern Libya. To
achieve this goal, we optimized the data by applying a band-pass filter to the seismic data to
remove side-lobes artifacts. This optimization clearly enhanced the appearance of the boundary
of the Mamuniyat reservoir. Then seismic attributes analysis was carried out to map the reservoir
lithofacies. Both instantaneous frequency and inverted impedance results were very effective to
distinguish between the Clean Mamuniyat and the Dirty Mamuniyat units based on their
different thicknesses and frequency characteristics, and acoustic impedance respectively.
However, the instantaneous frequency shows more details of geological features represented by
the channel system, which do not appear very clearly on the inversion results due to the inability
of the inversion to resolve the pseudo-reflector sufficiently.

Mapping the instantaneous frequency attribute on the horizon slice (Figure 1.5.1) reflects
changes in the frequencies that are associated with changes in the stratigraphy and structure. The
sandstone facies of the reservoir have instantaneous frequency ranges from 25 to 65 Hz
compared to the lower frequencies of the shaly facies. Based on the images of the instantaneous
frequencies on horizon slices of the seismic data, the Clean Mamuniyat was interpreted as
sandstone facies deposited into a distributary channel system with a northeast–southwest trend
where the maximum thicknesses appear close to the mouth-bar at wells W01, W02 and W03.
The depositional environment of the reservoir based on the configuration of the sand bodies
varies from delta plain, delta front, to pro-delta. The Dirty Mamuniyat, on the other hand, was
interpreted mostly as open-marine shaly facies with possible feeder channels in the southeastern
part of the area where the intercalations of the sand and shale reached its maximum thickness in
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well W04. The major influence of the faults on the reservoir level is shown only in the east side
of the area where the faults along the edges of Hawaz Paleo-high produced abrupt facies changes
(Figure 1.5.1).

Figure 1.5.1: A horizon slice of instantaneous frequency was interpreted as two distinctive facies: sandstone facies (high
frequency) and shaly sandstone facies (low frequency). The sandstone facies has the northeast–southwest trend showing
the geometry of a distributary channel. The abrupt change of the facies southeast of W04 is due to displacement by the
fault (black solid line).
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Figure 1.5.2: A crossplot of the acoustic impedance versus porosity colored with volume of shale from wells W02, W03,
and W04. The figure shows the clean Mamuniyat (square solid symbol) is clustered along diagenetic trend controlled by
compaction and cementation, whereas the dirty Mamuniyat (circle solid symbol) is clustered along the sorting trend
controlled by sedimentation and compaction.
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Figure 1.5.3: Crossplots of the velocity versus porosity colored with volume of shale from wells W02, W03, and W04. In friablesand/constant-cement/contact-cement model, the same observation in figure 1.5.2 canbeseenin(a).InHan’s(1986)model,the
data (100% water saturation) fit shaly sandstone of the dirty Mamuniyat, but they are not accountable adequately for the clean
Mamuniyat.
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Figure 1.5.4: The lowest acoustic impedance was extracted from seismic probe along the horizon slice (Figure 1.4.7) in the upper
reservoir interval. The extracted relative acoustic impedance overlaid TWT map is to show the distribution of the clean
Mamuniyat facies with possible high porous sandstone layer shown as negative values (red color).

The interpretation of the inversion results can be related directly to lithological variations
in which the Clean Mamuniyat and the Dirty Mamuniyat are characterized by low and relatively
higher acoustic impedances, respectively (Figure 1.5.1). Attempting to use acoustic impedance
as a quantitative property, to obtain the porosity from the inverted impedance requires rock
physics models, building an earth model of absolute impedance, and possibly elimination of the
effect of the side-lobes from the seismic inversion. The rock physics model is needed because the
degradation of the reservoir porosity is due to the effects of both shale content and diagenesis,
which causes the scattering of the data points in the impedance-porosity cross-plot (Figure 1.5.2).
In this study, we did not intend to use the model quantitatively to map the reservoir properties,
but we illustrated the usefulness of the rock physics models that fit the data and support
interpretation. The combined models of friable sand (Dvorkin and Nur 1996) constant-cement
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(Avseth et al., 2000) and contact-cement (Dvorkin et al., 1994) model as well as the Han
empirical model (1986), after calibrations to the local reservoir parameters and applying
Gassmann fluid substitution to model velocity with 100% water saturation tend to fit the data
adequately (Figures 1.5.3a and b). Those models were selected as the Mamuniyat reservoir is
characterized by consolidated sandstones and shaly-sandstones. The parameters of friablesand/contact-cement/constant-cement models were set to be 40% critical porosity, 9.2
coordination number, 36.6 GPa bulk modulus of the cement and 45 GPa shear modulus of
cement, 60% water saturation, 98% volume of quartz and 20 MPa effective pressures. In the Han
model, we used the empirical relation at pressure 20 MPa, which is close to the reservoir
pressure and model velocity with 100% water saturation. The wells: W02, W03 and W04 have
been chosen to be used in the rock physics model because they are close to each other, and have
enough thickness of the Clean and Dirty Mamuniyat Formation. In figure 1.5.3a, the Clean
Mamuniyat (square solid symbols) is representative of porosity variations due to diagenetic
process following the diagenetic trend on the velocity-porosity and impedance-porosity trends
with different degree of cementation, while the Dirty Mamuniyat (circle solid symbols) is
representative of porosity variations due to sedimentation following the sorting/depositional
trend. The model seems to support the former interpretation of the depositional system of the
Mamuniyat Formation based on the seismic attributes, in which the Clean Mamuniyat deposited
in mouth-bar/delta front depositional setting (well W03), and the Dirty Mamuniyat deposited in
the pro-delta depositional setting (well W04). The degradation of the porosity of the sandstones
is controlled by diagenetic processes mostly by cementation and compaction, while the Dirty
Mamuniyat is controlled by depositional process and buried history. The Han model also fits
with the data except where some interbedded layers of shales within the Dirty Mamuniyat with
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volume of shale exceed 50%. In this paper, we proceed to extract the low relative acoustic
impedance (RAI) along the horizon as indicated by the dotted black line in Figure 1.4.6 and
overlaid the results on the TWT map of the horizon (Figure 1.5.4). In Figure 1.5.4, the low
relative acoustic impedance is in agreement with instantaneous frequency representing the
distribution of the sandstone facies of the Clean Mamuniyat. The interpretation of the very low
relative acoustic impedance within the Clean Mamuniyat is a high porous sandstones facies,
which is consistent with the observations from wells W01, W02 and W03.

1.6 CONCLUSION
Based on our reprocessing and analysis of the seismic data in the Murzuq Basin, we have
clarified the boundaries and properties of the lower Mamuniyat unit using both instantaneous
frequency and colored inversion attributes. High instantaneous frequency and relatively low
acoustic impedance characterize the Clean Mamuniyat, which has good reservoir properties in
comparison to the Dirty Mamuniyat. The depositional setting of the lower Mamuniyat was
interpreted based on the geometry of the sandstone distribution to delta plain, delta front and prodelta. The rock physics models supported the interpretation and provide a tool for further
analysis of the reservoir properties. Further analysis of these data will likely show continued
improvement in the identification of reservoir quality facies and property distributions and
provide additional information on the depositional setting of rocks within this basin.
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CHAPTER 2: APPLICATION OF AMPLITUDE SPECTRUM AND
GENETIC INVERSION TO DETERMINE BIR TLACSIN FACIES
DISTRIBUTION, CASE STUDY, MURZUQ BASIN -LIBYA
2.1

ABSTRACT

Late Ordovician glacial deposits of the Mamuniyat Formation represent the oil reservoir
in the Murzuq Basin in Libya. The base of the Silurian reflector, representing the reservoir seal,
is easy to map throughout the area. However, the similar characteristic of the Late Ordovician of
the Bir Tlacsin reflections to Mamuniyat reservoir reflections causes difficulties in mapping the
top of the reservoir and distinguishing it from non-reservoir events. Defining the Bir Tlacsin
facies is important because it impacts hydrocarbon accumulation and migration. We utilized the
distinctive thickness of the hot shale and Bir Tlacsin through a continuous wavelet transform and
the bulk density of the non-reservoir of the shaly facies of the Bir Tlacsin through genetic
inversion to predict the distribution of the shaly facies of Bir Tlacsin and enhance mapping of the
top Mamuniyat reservoir. The spectral notches that result from the interference in the presence of
the Bir Tlacsin facies, allowed us to use the amplitude spectrum at 64 Hz to predict the facies
distribution of the Bir Tlacsin. While, the linear relationship of the amplitude spectrum of a 24
Hz frequency to the thickness of non-reservoir units of Bir Tlacsin and hot shale applies to
remapping the top reservoir. The inverted density also provides another way to predict the Bir
Tlacsin and to enhance mapping of the top reservoir. A comparison of mapping of the top
reservoir using spectral decomposition and inverted density with respect to auto-pick shows an
improvement in defining the top reservoir. Predication of presence of Bir Tlacsin and improved
accuracy of mapping the top of the reservoir reduces the risk of encountering shaly facies of Bir
Tlacsin facies, and provides a better estimate of the reservoir reserve.
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2.2

INTRODUCTION

The R-Field oil field is located in the southwestern Murzuq Basin (Figure 1.2.1) where
Late Ordovician glacial deposits are the main petroleum reservoirs (Hallett, 2002). Despite the
uncertainty of dating the deposits of the Bir Tlacsin in Murzuq Basin, it was interpreted as
transitional variations of lithofacies between Mamuniyat Formation and Silurian Shales (Echikh,
and Sola, 2000). Echikh and Sola (2000) also stated that the presence of the Bir Tlacsin
Formation affects the hydrocarbon accumulation and blocks the horizontal migration of
hydrocarbons in areas where it has widespread distribution (Figure 2.3.1). In the study area, the
Bir Tlacsin facies was locally present in wells W04 and W05 with thicknesses of 21 m and 23 m
respectively and had an influence on the hydrocarbon accumulation. The horizon at the base of
the Silurian shales that overlays the Late Ordovician deposits including the hydrocarbon
reservoir is easy to pick on seismic data throughout the area due to the strong impedance contrast
between the hot shale and the underlying units. However, defining, and mapping of the top of the
reservoir and distinguishing it from other units requires the use of a combination of seismic
attributes to facilitate the interpretation. Because of the thinning of the Bir Tlacsin facies,
presence of the sidelobe reflection at the base Silurian event, and similar seismic reflections at
the top of Mamuniyat Formation and the top shaly facies of Bir Tlacsin, distinguishing and
mapping the event from seismic amplitudes was not possible.

The objective of this study is to map the base of the top reservoir and distinguish
distribution of the non-reservoir facies through spectral decomposition and post-stack seismic
inversion. We decomposed the seismic data using continuous wavelet transform with Morlet
wavelets into frequency domain where the amplitude of 24 Hz frequency was used to estimate
the temporal bed thickness of the Hot shale and shaly facies of the Bir Tlacsin and remap the top
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Mamuniyat reservoir. Also, the density inversion of the reflection seismic captures the
distribution of the shaly facies of the Bir Tlacsin and enhances mapping of the top reservoir.

2.3 GEOLOGICAL BACKGROUND
Late Ordovician deposits are composed of different stratigraphic sequences that formed
as a result of multiple stages of advancing and retreating ice sheets during the Ordovician period.
Those sequences (Figure 2.3.1) comprise siliciclastic facies of the Hawaz, Melaz Shuqran,
Mamuniyat and Bir Tlacsin Formation. The Mamuniyat Formation represents the main reservoir
in the area and the Silurian shales form the top seal and the source rock. Refer to Ghienne et al.,
(2003), McDougall, et al., (2005), El Ghali (2005), Ghnia and Aziz (2006) and Cubitt et al.,
(2011) for more details about the geology of the area.

The interpretation of the Bir Tlacsin is a well-developed, separate unit representing
transitional lithofacies variations between Mamuniyat sandstone reservoir and Silurian shales
(Echikh, and Sola, 2000). The facies represents transitional lithofacies from silty sandstones to
predominantly shaly facies on the top. The presence of the Bir Tlacsin unit affects the volumetric
estimation of the hydrocarbon accumulation and if it was widespread, it might block the
horizontal migration of hydrocarbons. The petrophysical properties of the shaly facies of the Bir
Tlacsin unit in the area exhibit a distinctive high density with respect to underlying and overlying
units.
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Figure 2.3.1: A general stratigraphic column section (left) and a schematic cross section of the Ordovician stratigraphic
units in Murzuq Basin in Libya showing the transgressive silty-shaly facies of the Bir Tlacsin underlying the Silurian
Shales and overlying the Mamuniyat Formation or older units (modified after McDougall et. al., 2005 and 2008).

2.4 METHODS AND RESULTS
2.4.1 LOCAL SPECTRAL DECOMPOSITION
Spectral decomposition has been applied regularly as a seismic interpretation tool in
reservoir characterization studies. This is because the joint time-frequency of the seismic data
contains information about the subsurface discontinuity, tuning thickness, and lithological
variations (Partyka et al., 1999, Marfurt and Kinlin, 2001, Sinha et al., 2005). Spectral
decomposition techniques such as short-time Fourier transform (Nawab and Quatieri, 1988),
continuous wavelet transform (Daubechies, 1988; Mallat, 1989), and matching pursuit
decomposition (Mallat and Zhang, 1993; Chakraborty and Okaya, 1995) are most commonly
used in seismic data analysis with their own advantages and disadvantages.
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2.4.1.1 CONTINUOUS WAVELET TRANSFORM
Continuous wavelet transform (CWT) is defined as the inner product of a family of
wavelets (𝜓) with the seismic traces 𝑓(𝑡)
∞

𝑆(𝜎, 𝜏) = ∫−∞ 𝑓(𝑡)

1
√𝜎

𝑡−𝜏
𝜓̅ ( 𝜎 ) 𝑑𝑡

(2.1)

Where 𝑆(𝜎, 𝜏) is a time-scale map, 𝜓̅ is the complex conjugate of mother wavelet, and
the parameters 𝜏 and 𝜎 are called the translation and the scale respectively.

The choice of using CWT to decompose the seismic data gives good time-frequency
localization and the choice of the Morlet wavelet is because it resembles the seismic data. The
decomposition was achieved by convolving the seismic data with multiple kernel functions to
produce local time-frequency changes. Figures 2.4.1 a and b show time-frequency panels of
seismic traces at wells W03 and W04 respectively.
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Figure 2.4.1: shows time-frequency panels of the seismic trace along wells W03 and W04 respectively. In figure 3a, the
reflections at the top reservoir of Clean Mamuniyat are characterized by sidelobe reflections (on the left) and the
dominant amplitude spectrum ranges from 25 to 80 Hz (on the right). In figure 3b, the presence of Bir Tlacsin might alter
the reflection responses at and below the top reservoir due to tuning effects. As it can be seen, the spectral notches distort
the amplitude spectra. HS = Hot shale, CM =Clean Mamuniyat, DM= Dirty Mamuniyat, BT = Bir Tlacsin, MS=Melaz
Shuqran.
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2.4.1.2 INDICATION OF THIN-BED EFFECTS FROM JOINT TIME-FREQUENCY ANALYSIS
In thin-bed seismic interpretation, the concept of detectability and resolution are
essentially needed to identify thin-bed reflections resulting from composite reflections of closely
spaced layers. Resolution has been studied by many authors, for instance, Widess (1973),
Niedell and Poggiagliolmi (1977), Meckel and Nath (1977), Koefoed and De Voogd (1980).
Widess (1973) concluded that the limit of seismic resolution of a thin-bed is 1/8th of a
wavelength because the characteristic of the seismic response resembles the shape of the time
derivative of the incident wavelet with only appreciable changes of the amplitude.

The

resolution certainly can be enhanced by increase the high frequency spectrum of the seismic
data. The detectability or isolation, on the other hand, is the ability to distinguish between
reflectors. The decrease of the detectability between reflections arises from the increase of the
magnitude of the side-lobes compared to the peak magnitude and it is controlled mainly by the
low frequency content (De Voogd, 1983).

In time-frequency analysis of the seismic data, using the periodic notches on the
spectrally decomposed data to estimate the bed thickness is wide use. However, if the notches
coincide with the central frequency of the seismic wavelet it would produce a complicated
composite reflection (Wiley, 2007).

Because the aim of this study was to determine the thickness and distribution of nonreservoir facies of Bir Tlacsin in attempting to enhance mapping the top reservoir, we did not
attempt to remove thin-bed effects. In a previous paper (Abushalah and Serpa, 2016), however,
we discussed removing the side-lobe effects by lowering the frequency content of the reflection
seismic data to map the reservoir boundaries. In figure 2.4.1, we can see the high-energy
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reflections concentrated around the main contrast of the major stratigraphic boundaries such as
the base of the Silurian shale and the basement. Between those reflectors, the reflections from the
Cambrian and the Late Ordovician stratigraphic units are characterized by relatively low energy
which can be exceeded by the side-lobes from the base Silurian shales (Figure 2.4.1). The sidelobe might result from the tuning effects (Figure 2.4.1a) and by the presence of another thin-bed
of the Bir Tlacsin at well W04 (Figure 2.4.1b). The effect of the tuning on the reflections
becomes more complicated due the distortion of the amplitude spectrum by the notches (Figure
2.4.1b). We can also note that the notches take place close to the dominant frequency resulting
in high amplitude spectrum distributed at the low frequency end at the base Silurian shale and at
the high frequency end at the top of Bir Tlacsin Formation. This effect would be used to predict
the distribution of the Bir Tlacsin facies as discussed below.

2.4.1.3 AMPLITUDE SPECTRUM ANALYSIS
We started the analysis by decomposing the seismic reflection cube covering the oil field
into amplitude spectra between 14 Hz and 80 Hz with a 10 Hz increment. The decomposed
seismic data exhibit different magnitudes of narrow frequency bands as a result of thickness and
lithological variations of the stratigraphic units with concentrated energy along the high
reflectivity at the top reservoir. We observed that the hot shale thins and the Bir Tlacsin pinches
out on the crest of the distributary channel of the Mamuniyat reservoir (Abushalah and Serpa,
2016). This suggests mapping the distribution of both facies should reflect opposite distribution
of the Mamuniyat reservoir. We can see the frequency of 24 Hz is tuning both the hot Shale and
the Bir Tlacsin (Figure 2.4.2a), while the frequency of 64Hz (Figure 2.4.2b) shows unusual
frequency separation caused by interference as explained above.
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Figure 2.4.2: Seismic profile of 24 Hz amplitude spectra (a) exhibits frequency tuning along both Hot shale and Bir
Tlacsin units where Bir Tlacsin pinches out and Hot Shale thins towards well W03 at the top of the structure (the
thickness of the shales is directly proportional to the amplitude spectra). In figure (b), the high amplitude of 64 Hz
appears below the shaly facies of the Bir Tlacsin Formation. The shifting of peak frequency to high frequency is due to the
spectral notches. TZ= Tanezzuft, HS = Hot Shale, CM =Clean Mamuniyat, DM= Dirty Mamuniyat, BT = Bir Tlacsin,
MS=Melaz Shuqran
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The variations of the amplitude spectrum indicate that those frequencies are useful to
predict the distribution of the Bir Tlacsin and map the top reservoir. Therefore, we extracted both
spectra along the base horizon of the Silurian Shale as indicated by the dotted line in figures
2.4.2 a and b to determine the non-reservoir distribution. The amplitude spectrum of the 24 Hz
frequency was extracted to determine the maximum amplitude variation. Then those amplitude
variations were correlated with temporal thickness of both Bir Tlacsin and Hot shale at the well
locations (Figure 2.4.3) in which the correlation coefficient was 0.93. From the extracted
amplitude in figures 2.4.3 and 2.4.3a, there is a clear dependency between thickness variations of
both Bir Tlacsin and Hot shale and the magnitude of the amplitude spectrum at the well
locations. The large amplitude spectrum corresponds to the thickest part of the both Bir Tlacsin
and Hot shale at wells W04 and W05, while the very small amplitude spectrum corresponds to a
thin bed of Hot shale at wells;W01, W02, and W03. The horizon slice of the 64 Hz frequency
(Figure 2.4.4b) exhibits an approximate distribution of the Bir Tlacsin associated with an abrupt
change of the magnitude of the narrow frequency bands. The distribution of the Bir Tlacsin
(Figure 2.4.4b) also agrees with the interpretation of the Bir Tlacsin as transgressive facies that is
overlapping the distributary channel deposit of the Clean Mamuniyat (Abushalah and Serpa,
2016) towards the west and the inversion of the density that will be discussed below.
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Figure 2.4.3: A crossplot of the magnitude of the amplitude spectrum of 24 Hz versus the temporal thickness of the Bir
Tlacsin and Hot shale at the wells with 0.98 correlation coefficient .
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Figure 2.4.4: Amplitude spectra extracted along the auto-pick horizon at the base of Silurian shales from decomposed
spectrum of 24 Hz (a) and 64 Hz (b). In figure 6a, the change of the magnitude spectral represents the changes of
thicknesses of both shaly facies of hot shale and Bir Tlacsin. In figure 6b, the distortion of amplitude spectrum from the
notches seems to be consistent with presence of the Bir Tlacsin facies, which suggest that the low amplitude spectrum (red
color) represents the distribution of Bir Tlacsin.
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Figure 2.4.5 A temporal thickness of the Bir Tlacsin and hot shale estimated from the 24 Hz amplitude spectrum using the
linear relation in figure 2.4.3.

2.4.2 SEISMIC INVERSION
Seismic inversion is a common procedure in reservoir characterization studies because it
converts the seismic data from reflectivity properties to reservoir properties, reduces interference
effects produced from the closely spaced events (Veeken, 2007) and provides higher resolution
from the actual seismic data (Veeken and Da Silva, 2004) . Many inversion algorithms such as
colored inversion (Lancaster and Whitcome, 2000), sparse spike inversion (Ronghe and Surarat,
2002), model-driven inversion (Duboz et al., 1998), and stochastic model inversion (e.g.
Dubrule, 2003; Rowbotham et al., 2003a, 2003b) have been chosen based on data type and
purpose of the study.

The non–reservoir of the Bir Tlacsin comprises shaly facies that abruptly increase in
abundance in the upper part of the unit. The density property of the shaly facies of the Bir
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Tlacsin is a standout among the other petrophysical properties such as the compressional and
shear velocities (Figure 2.4.6). Considering the change of the density and the increase of seismic
resolution after inversion (Hampson et al., 2001; Hill, 2005), one can expect that the density
inversion will resolve the thin-bed of the Bir Tlacsin. This will effectively distinguish the nonreservoir and its spatial distribution from the reservoir. The genetic inversion has advantages of
simplicity and high vertical and spatial resolution. It also works better with non-linear problems
and can be used to invert any seismic property that is relevant to seismic reflectivity.

Figure 2.4.6: The shaly facies of the Bir Tlacsin in wells W04 and W05 shows distinctive higher density with respect to the
underlying and overlaying facies. In comparison to the density, the P and S-wave velocities are not well distinctive from
the underlying facies as they gradually increase with depth. hot shale =HS, Bir Tlacsin=BT, Clean Mamuniyat =CM,
Dirty Mamuniyat =DM, Melz Shuqran =MZ, and Hawaz = HZ.
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2.4.2.1 GENETIC INVERSION
The Genetic inversion algorithm is a research method used to find a solution of the
inversion problem by optimization techniques. The algorithm determines the unknown weights
of the neural network of the trained well data set using multilayer neural networks of non-linear
function known as an activation function (sigmoid)
1

𝑓(𝑥) = 1+𝑒 −𝑥

(2.2)

Where x is the node, and 𝑓(𝑥)is the activation or transfer function.

The output of the multilayer neural network is
𝑦𝑘 = 𝑓(∑𝑚
𝑗=0 𝑤𝑘𝑗 𝑥𝑗 )

(2.3)

The solution is calculated by simulating the model in an analogous form of the biological
neurons. For more detail about the method and its application in seismic data inversion, the
authors refer to Goldberg (1989) and Veeken et al. (2009).

We adapted the workflow described by Veeken (2009) using density logs from the five
wells and seismic data as inputs. Then we limited the inversion interval to the zone where good
quality and non-break of log-attributes are located, using two horizons as additional constraints.

The inverted density along the top interval of the Bir Tlacsin and Mamuniyat has 0.85
average correlation coefficients and matched the well data remarkably (Figure 2.4.7).
Distribution of inverted density also agreed with geological interpretation of shaly facies of Bir
Tlacsin as a transgressive facies, onlapping on the top of the reservoir (Figure 2.4.7). The
distribution and the temporal thickness of the Bir Tlacsin based on the density variation was
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determined by computing temporal thickness between the top and the base of the geobody of the
inverted density of the Bir Tlacsin (Figure 2.4.8).

Figure 2.4.7: Inverted density along the seismic line matches the density from the well within the interval of the shaly
facies of Bir Tlacsin. The solid line was extracted from the base of the inverted density within 10 ms interval from the
auto-pick horizon (dotted line). TZ= Tanezzuft, HS = hot shale, CM =Clean Mamuniyat, DM= Dirty Mamuniyat, BT =
Bir Tlacsin, MS=Melaz Shuqran
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Figure 2.4.8: An isochrone map of the shaly facies of the Bir Tlacsin derived from the inverted density shows the
distribution and the temporal thickness of the Bir Tlacsin in the area.

2.5 DISCUSSION
The thinning of hot shale and Bir Tlacsin layers has a great effect on the composite
seismic reflections at the top of the Mamuniyat reservoir. The effects appear to produce
sidelobes along the hot shale/Mamuniyat reflector and sidelobes and distorted reflections along
hot shale/Bir Tlacsin reflector (Figure 2.4.1). Those effects are shown clearly on the seismic
traces and on time-frequency analysis and have been utilized to predict the distribution of the
shaly facies of Bir Tlacsin and to estimate the temporal bed-thickness of Bir Tlacsin and hot
shale from 64 and 24 Hz amplitude spectra respectively. Because the local spectral
decomposition used a continuous wavelet transform, it provides a good resolution of timefrequency localizations, and hence the analysis of the amplitude spectrum can be direct and
effective to the target layers. In our case study, the thickness of both hot shale and Bir Tlacsin is
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greater than the tuning thickness. By selecting the 24 Hz frequency of the decomposed data, we
decreased the seismic resolution and forced the thickness of the stratigraphic units to be below
the tuning thickness. This allows us to use the amplitude spectrum of the 24 Hz to estimate the
temporal thickness of both stratigraphic units (Figure 2.4.2a and 2.4.4a) as the amplitude
spectrum is directly proportional to the beds’ thickness. Then, the temporal thickness was added
to the base Silurian horizon (autopick) with a time shift adjustment of 4 ms to obtain a new
surface of the top Mamuniyat (Figure 1.4.5). The adjustment to the new surfaces was needed
because the autopick horizon was not mapped for the top hot shale. The method improved the
mapping of the top reservoir clearly in the wells that penetrated Bir Tlacsin compared to autopicking peak amplitude of base Silurian, which has errors in ranges of 7.81 to 11.46 ms in wells
W04 and W05 respectively. However, because there are negative values of the temporal
thickness that was estimated from the relation of the amplitude spectrum to the temporal
thickness (Figure 2.4.3) on the crest of the structure at wells W01, W02, and W03 (Figure 2.4.5),
a small error of a few milliseconds was added to the actual top of the horizon in those wells
(Table 1). Those small errors can be easily fixed by well-top adjustment without serious effect on
the geometry of the top reflector using a convergence interpolation method (Haecker, 1992). The
other approach we applied was the density inversion to estimate the temporal thickness of the
shaly facies of Bir Tlacsin by mapping its base (Figures 1.4.7 and 1.4.8). This implies that we
mapped only high-density facies directly beneath the base Tanezzuft with the assumption that the
density variation of the Bir Tlacsin relative to the other units remained relatively constant. The
average absolute errors of predicating top Mamuniyat (Table 1) using the amplitude spectrum
and inverted density from the available wells are 39 % and 29 % with respect to the autopicking
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of the peak amplitude respectively (Figure 2.5.1). By including more wells in the study, the
obtained results and the errors estimate for mapping the top reservoir will be improved.

Table 1: Errors of mapping the top Mamuniyat using auto-pick, spectral decomposition, and density inversion computed
at the wells in milliseconds.

Well name

Differences between mapping Horizon and actual top of the
reservoir at the well locations (absolute errors)
Auto-pick
Estimated from amplitude Estimated
from
spectral
density inversion

W05
W04
W03
W02
W01
Average
error

-7.81
-11.46
0.02
-1.21
-0.84

2.77
-2.27
2.09
-3.52
-2.75

-3.53
-4.56
0.02
-1.21
-0.84

21.34

13.4

10.16

absolute
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Figure 2.5.1: Three mapped horizons of the top Mamuniyat reservoir using different attributes; seismic amplitude (dotted
black line), amplitude spectrum of 24 Hz (dashed green line), and inverted density (solid black line). TZ= Tanezzuft, HS
= hot shale, CM =Clean Mamuniyat, DM= Dirty Mamuniyat, BT = Bir Tlacsin, MS=Melaz Shuqran
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2.6 CONCLUSION
From the study of the seismic reflections data in the R-Field oil field, we conclude that
using spectral amplitude and inverted density attributes is an effective procedure to separate the
Mamuniyat reservoir from non-reservoir shaly facies of the overlying Bir Tlacsin and to enhance
definition of the top of the Mamuniyat reservoir based on the thickness and density property
variabilities. Seismic inversion resolves the poor resolution of the seismic reflection along the
Bir Tlacsin and inverted density was used to determine the distribution of the shaly facies of the
Bir Tlacsin. The temporal thickness estimation of the stratigraphic units above the reservoir
based on the available wells from both methods enhances mapping the top reservoir in
comparison with auto pick from the seismic amplitude. The accuracy was improved by spectral
decomposition to 61% and density inversion to 71% with respect to auto pick from reflection
amplitude. The results also provide profound criteria for lowering the risk of encountering Bir
Tlacsin facies and improving volumetric reserves calculation.
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CHAPTER 3: INVESTIGATE THE EFFECTS OF MODE CONVERSIONS
AND ENHABCE SEISMIC INTERPRETABILITY: CASE STUDY,
MURZUQ BASIN, LIBYA
3.1 ABSTRACT
The R-Field oil field is located in the NC115 area of the Murzuq Basin, SW Libya. The
field is a compartment of a larger field called IR Fields which is progressively undergoing
studies to enhance the seismic data and set development plans. Apart from the heterogeneity and
complexity of the Mamuniyat reservoir in the area, a consistent appearance of uncorrelated
seismic amplitude events within the Mamuniyat reservoir interval on the 3D stacked seismic
preclude performing inversion models that produce detailed results for quantitative interpretation
purposes. In the prestack data, the interference of these different events appears along different
depths in the section, and has a severe effect at the near offsets close to the reservoir interval. We
performed prestack synthetic PP and PS seismograms and a ray tracing traveltime model to
investigate the possible source of these events. The resultant models suggest that the distorted
reflections at the Mamuniyat reservoir level result primarily from interference of P-P mode of the
primaries and the SV-P mode reflections that are generated from large contrast in elastic
properties of alternate shale and sand layers in the upper stratigraphic sequences above the
Silurian Tanezzuft Formation which serves as the seal. The interference tends to produce
uncorrelated reflections and increase the seismic frequency content of the near offsets in
comparison to the far offset data. Because the prestack seismic data have been processed, but
NMO was not applied, separations of these events would not be applicable. The best approach to
remove these wave propagating effects is using partial stack or filtering the stacked data, which
correlates better with gamma ray and density logs.
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3.2 INTRODUCTION
The primary method in the exploration seismology remains P-wave seismic reflections;
however, the recording of converted mode reflections has gained attention with increased
popularity of multicomponent surveying due to its ability to capture seismic wavefield. In
addition to P-P reflectivity that is recorded in conventional seismic surveying, locally converted
waves including single and double-leg shear waves (PPSP, PSPP and PSSP) (Simmsons and
Buckus 1994), converted SV-P (Hardage at el., 2014), and

multiples were also recorded,

contaminating the seismic reflection signal. Jones, (2014) demonstrated through elastic and
acoustic modeling that energy of converted modes of PSSP, PSPP, PPSP below high velocity
contrast of a chalk layer remained in the seismic data after conventional P-wave reflection
processing. Also, transmitted or multiple conversions of modeling and field measurements are
characterized by much lower amplitudes in comparison to the primary PS reflection (Rodriguez,
2000). Jeff and Purnell (1996) concluded based on the subsalt prospecting study that the
significant high amplitude of mode conversion of PS and SP are observed in large, abrupt
changes of material properties, which can either assist or hinder the primary reflections. The
seismic reflections at the Mamuniyat reservoir interval in the R-field (Figure 1.2.1) are
influenced by mode conversion of the reflection from the shallow section of alternate shale and
sand layers above the Tanezzuft Shale. Examination of CMP gathers data show different
curvatures of the reflection waves that appeared at different depths tending to interfere
destructively and constructively (Figure 3.4.1). These effects might have degraded the seismic
reflections and AVO signature.
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The objective of this paper is to investigate and demonstrate those effects on the seismic
data and propose some approaches to resolve them for the purpose of enhancing seismic
interpretability.

3.3 BACKGROUND
The R-Field oil field, located in Murzuq Basin SW Libya, is a part of a producing larger
oil field from the Mamuniyat Formation called the IR Fields. The hydrocarbon trap of the
Mamuniyat reservoir is a 3-way closure structure that combined with stratigraphic component
resulted in heterogeneous distribution of the Mamuniyat facies (Figure 1.2.1). During stages of
development plan for the IR field, two vintages of 3D seismic data were acquired in 2003 and
2006, in two field-sectors I and R fields respectively. The two vintages have been merged and
reprocessed to match the seismic signatures on both fields (Widjiastono et al., 2010). The first set
of seismic data is a subset of merged seismic cube covers an area of approximately 72 km2 of R
field with 50 m line spacing. The other subset of seismic data was a processed common midpoint
(CMP) gathers along E-W trend (Figure 1.2.1).

3.4 PRESTACK DATA ANALYSIS AND MODELING
In our previous work (Abushalah and Serpa, 2016), we addressed the pseudo-reflector on
post-stack seismic data and we applied frequency filtering and inverted elastic properties to
improve the seismic interoperability and to solve some of the geological problems. The possible
sources of the degradation of the stacked data will be sufficiently addressed by investigating the
CMP gathers and modeling techniques to recognize the individual contribution of the wavefield
before stacking.
The prestack seismic data before applying normal moveout (NMO) exhibit overlapping
of reflection hyperbola (Figure 3.4.1) that we are in favor of attributing them mostly to the
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influence of the mode conversion. This is because the P and PS waves that recorded from
different depths should have different time arrivals representing reflectivity from different
velocity layers and have different frequencies. Our investigation of the possibility of multiples
and thin-bed effects were disregarded as their contributions into the data were minor from the
synthetic AVO model. Also the data have undergone a processing workflow so that those effects
would have been reduced or removed.

.
Figure 3.4.1 Reflection hyperbola in a CMP gather overlapped each other exhibiting constructive and destructive
interference. TZ= Tanezzuft, HS = hot shale, CM =Clean Mamuniyat, DM= Dirty Mamuniyat, BT = Bir Tlacsin,
MS=Melaz Shuqran
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The primary recording wave field in the exploration seismic surveying is P-wave
reflections that are generated from a vertical source and recorded by vertical component
receivers. In the presence of large elastic properties between stratigraphic sequences, the
contributed reflections of converted shear waves, and P-wave multiples need to be considered in
seismic interpretation studies. Martinez (1993) applied synthetic modeling to conclude that the
P-SV mode converted waves and multiples have a larger effect on the AVO response due to its
interference with P-wave reflections. The P-wave source wave that propagated from the source
and recorded as SV-P mode converted wave (Figure 3.4.2) in seismic exploration received great
attention by Hardage et al. (2014) because it is recorded from conventional seismic survey using
P-wave source and a vertical component geophone and it resembles the P-SV mode providing
that the layers are horizontal and have constant lateral velocity variations.
In this study, we used two approaches to investigate the possibility of the presence of the
SV-P mode reflections and its influence on the seismic quality. The approaches are based on
traveltime arrivals and reflectivity of amplitude variation with offsets (AVO) respectively.

Figure 3.4.2 The raypath of P-P, P-SV and SV-P waves reflected at CDP and CCP. The P-P and SV-P wave modes can be
recorded in conventional surveying using a vertical component receiver, while P-SV can be recorded by a horizontal component
receiver.
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3.4.1 TRAVELTIMES OF THE REFLECTED PP AND PS WAVES
We prepared a set of well logs; P-velocity, S-velocity and density from well W02 that
intersects with CMP gathers for purpose of the modeling. Because the density log for the upper
section was not recorded, data conditioning including density log prediction from the velocity
log was used to complete the missing log reading. P and S-velocities and density were then
blocked to simplify the log data into distinct regions where the material properties changed most
(Figure 3.4.3).
In attempting to demonstrate the effects of the converted shear mode on the seismic
reflection data, traveltimes of the primaries of P-waves (blue) and P-SV mode converted waves
(red) were computed by equation (1) in figure 3.4.4a and by ray trace modeling in figure 3.4.4b.
𝑇𝑆𝑃 =

1
2

× (1 +

𝑉𝑃
⁄𝑉 ) ∗ 𝑇𝑃𝑃
𝑆

(3.1)

Where 𝑇𝑆𝑃 is a travel time of PS mode waves, 𝑇𝑃𝑃 is a travel time of PP mode waves, and 𝑉𝑃
and 𝑉𝑆 are compressional and shear wave velocities.
For comparison purposes, the traveltimes of the events were overlapped on the stacked
traces at well W02 and a CMP gather at the same well. Due to the lack of geometric information
such as the shot and receiver coordinates and no access to the shot gathers, we generated the ray
tracer for CMP gather, not to common-shot gathers. This will give proper time curves, but it
would not directly compare to our real data (CMP gathers). This is because the CMP gathers
were processed to include for instance CMP sorting, and PSTM prestack time migration,
assuming the process is based on common depthpoint, not on common conversion point (CCP).
Because the stratigraphic layers have relatively constant velocity variations and they are near
horizontal, particularly above the Tanezzuft Formation, the traveltimes of P-SV and SV-P waves
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are approximately equal. The travel times computed from Equation (1) and from trace modeling
are in agreement in most of the recorded events and give a good idea about where the converted
waves will probably be present on the seismic data (Figure 3.4.4).
The travel-time curves of the P-wave and C-wave reflections clearly show an overlap
mostly on the near offset gather (Figures 3.4.4), which supports our observations.
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Figure 3.4.3 Blocked P and S velocities show the layering that used to model PP and PS reflections in figure 3.4.4.
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Figure 3.4.4 Traveltimes calculated for PP (blue) and PS (red) modes using equation 3.1 (left) and ray tracing model
(right) posted on the stacked traces and the CMP gather at well W02 respectively.
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3.4.2 SYNTHETIC AVO AND PP AND PS REFLECTIVITY MODELS
AVO modeling becomes a common practical tool in hydrocarbon exploration in different
stages including seismic data acquisition design, and prestack seismic data processing and
interpretation. The applications of the AVO modeling in seismic interpretation are based on the
Zeopprtiz equation and its linear approximations (Bortfeld, 1961; Aki and Richards, 1980;
Shuey, 1985 and others) that related the change in reflectivity and rock properties as a function
of the amplitude variation with offset or angle (Rutherford and Williams, 1989; Ostrander, 1984;
Silva and Ahmed, 1989; Chacko, 1989).

We generated synthetic AVO models using the Zoeppritz equation at well W02 for PP
and PS reflectivity (Figure 3.4.5) in order to correlate with the CMP gather at the same location.
In figure 6, the reflection characteristics of the far-offset gathers and AVO signature at the target
reservoir resemble the reflections and AVO signatures of synthetic AVO better than the near
offset. We believe that the discrepancy between the near offset gather and synthetic model is due
to the interference of the PP and PS reflectivity, which resulted in appearance of uncorrelated
reflections and an increase of AVO with increasing offsets and then a decrease, which is a
common signature for PS reflectivity.
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Figure 3.4.5: Synthetic AVO and reflectivity models for PP and PS wave modes. As shown above, there are two major
differences between the synthetic and the real data: the reflection events and variation of the amplitude with offsets. The
reflections are different at the near offsets and the AVO signature appears to include mixed amplitude variation with
offsets from PP and PS seismic modes.
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3.5 ENHANCE SEISMIC INTERPRETABILITY
Since the surface seismic reflection data have been processed and stacked, the data
enhancement, as it will be discussed in this section, is based on a trade-off between seismic
resolution and reducing interference of SV-P mode on the seismic data. In addition to the
interference we mentioned above, the reflected amplitude at the near offset is characterized by
low amplitude and high frequency with respect to the far offset between the top hot shale and the
basement (Figure 3.5.1). The far offset data exhibit low frequency contents, but high amplitude
spectrum at the low frequency end, which partially was related to lesser interference and NMO
stretching. This seems to enhance low frequency on the expense of the high frequency one.
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Figure 3.5.1: A CMP gather and stacked data at well W02 and their amplitude spectra. The far offset traces show lower
frequency contents, but higher amplitude spectrum at the low frequency end in comparison with near, mid and stacked
data.

We suggest two procedures that remove the effect of the interference, but also lower the
seismic resolution. The first procedure is partially stacked gather using mid to far offsets. As the
partial stacks (Figures 3.5.2 a, b and c) increase toward far offsets , the stacked data correlates
best with lithology and porosity where the gamma ray and density logs deflect with stratigraphic
units. The second procedure is to apply a high-cut filter to remove the interference effects from
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the poststack seismic reflection. We applied a bandpass filter using a Ricker wavelet with center
frequency of 20 Hz to the same seismic profile extracted from 3D seismic data (Figure 3.5.3 a).
The effectiveness of the applied filter to enhance seismic interpretability has been shown in
previous work (Abushalah and Serpa, 2016). Both procedures illustrate better seismic
interpretability in comparison to the stacked seismic data (Figure 3.5.3 b).

a)

b)
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c)

Figure 3.5.2: the partial stacked data show improvement of illuminating the sandstone facies of the Mamuniyat reservoir as we
move away from near offset (a), mid-offset (b) to the far offset (c). The Clean Mamuniyat reservoir (CM) is characterized by
porous sandstone facies as indicated from the density and the gamma ray logs. TZ = Tanezzuft, HS = hot shale, DM = Dirty
Mamuniyat, BT = Bir Tlacsin, and MS = Melaz Shuqran.

a)

b)

Figure 3.5.3: Filtered stack data (a) illuminates the sandstone facies of Mamuniyat reservoir more than the CMP stacked data (b)
does. TZ = Tanezzuft, HS = hot shale, CM = Clean Mamuniyat, DM = Dirty Mamuniyat, BT = Bir Tlacsin, and MS = Melaz
Shuqran.
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3.6 CONCLUSIONS
The analysis and the AVO modeling of the prestack gathers in R-Field suggested that the
SV-P mode converted waves greatly influence on the pre-and post-stacked data. Those effects
tend to alter the frequency contents and amplitude spectrum, in which the far-offset is
characterized by high amplitude of the low frequency end, and near and mid offsets are
characterized by high amplitude of the high frequency end. Based on the analysis of processed
CMP gathers, we demonstrated by AVO modeling PP and PS synthetics, and ray tracing the
effects of the mode conversions on the data and suggested two possible procedures: partial stack
and filtering to enhance the seismic interpretability.
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